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Introduction
Livestock production contributes to greenhouse gas emissions [1] . Amongst a wide range of possible mitigation strategies to either reduce total emissions or reduce emissions intensity is achieving higher productivity, for example, through breeding or through intensive housing and concentrate feeding. Reducing the maintenance cost burden inherent in slow growing animals using intensive systems may be achieved at the cost of certain aspects of animal welfare (ability to express natural behaviour) [2] and will involve feeding human-edible feeds as opposed to grass and forages [3] . However, there is likely to be a benefit in grass and forage pasture-based systems if high quality diets are provided so that the animals' performance can be optimised. The question then is what are reasonable targets when concentrate supplementation is minimal for the weaned calves in each of the production phases after weaning: their first winter; the yearling cattle which graze in the following spring-summer (some of which may achieve finished condition and are sold) and the cattle which require to be housed again for a second winter?
Smil [4] discussed how environmentally sensitive methods of meat production are possible, including systems based on truly sustainable grazing, feeding of forages rotated with food crops and maximum use of crop and processing residues-when combined with moderation of meat consumption. However, UK survey figures for the quantities of concentrates fed to suckler calves after weaning in the finishing phase [5] averaged 1107 kg/animal. Rearing livestock on non-human edible forages and Weather data were recorded every 15 min with an automatic met station installed on-site. Total annual rainfall for 2011 was 835 mm and for 2012 was 1046 mm. Solar radiation for 2011 and 2012 is shown in Figure 2 . 
Farmlet Management
In two years from 1 April 2011, beef and sheep production systems were run using the same management guidelines on the three farmlets to measure baseline productivity on the existing permanent pasture. After 1 April 2013, two of the farmlets entered a phase where they began to move progressively towards becoming new treatments with either use of legumes in white clover (Trifolium repens L.) targeting 30% ground cover or by establishing a programme of planned regular reseeding maximising the potential of new grass germplasm through targeted breeding programmes. Here we describe the performance measured during the initial two-year baseline period under permanent pasture.
Livestock
A spring-calving suckler herd at North Wyke ran as a separate enterprise from the NWFP and provided the predominantly Continental (Charolais) × Hereford-Friesian calves used which grazed with their mothers. At weaning in autumn 2010 and 2011, the calves were housed for their first winter and fed grass silage. In addition, a small amount of concentrates (1.5 kg/head for 26 days, then 0.75 kg/head for 10 days), containing 3% fat, 16% crude protein and 5.7% fibre, was also fed after weaning to facilitate the change in diet. In each baseline year, there were 25 and 27 cattle per farmlet and in the 2012 grazing season there were five additional Continental × Hereford-Friesian cattle per farmlet (with a mean date of birth of 1 August 2011) which were purchased and grazed on the NWFP. In the second winter when any remaining cattle (born in 2010) which had not been sold from pasture were housed, a small quantity of rolled barley was fed (1.5 kg/head for 13 days; 3.0 kg/head for 13 days) in addition to silage. Barley (H. vulgare L.) was selected given its high nutritional value for cattle at a lower price compared with other supplements and its neglectable effect on meat quality, at the level of feeding [10] . No additional supplementary feed was offered to the cattle born in 2011 when they were housed for their second winter. A March-lambing flock of Suffolk × Mule (Bluefaced Leicester × Swaledale) ewes, crossed with Texel or Charollais rams (balanced between the three farmlets), provided the 50 ewes and their twin lambs which also grazed each of the farmlets. The lambs were weaned in July each year then moved to other fields on their respective farmlet which had been cut for silage in May. An additional 50 ewes were drafted into each farmlet after weaning and so 100 ewes grazed each farmlet until late December, when they were housed. The cattle and lambs were sold when they were judged to have reached target fat and conformation scores [11, 12] . 
Farmlet Management
Livestock
A spring-calving suckler herd at North Wyke ran as a separate enterprise from the NWFP and provided the predominantly Continental (Charolais) × Hereford-Friesian calves used which grazed with their mothers. At weaning in autumn 2010 and 2011, the calves were housed for their first winter and fed grass silage. In addition, a small amount of concentrates (1.5 kg/head for 26 days, then 0.75 kg/head for 10 days), containing 3% fat, 16% crude protein and 5.7% fibre, was also fed after weaning to facilitate the change in diet. In each baseline year, there were 25 and 27 cattle per farmlet and in the 2012 grazing season there were five additional Continental × Hereford-Friesian cattle per farmlet (with a mean date of birth of 1 August 2011) which were purchased and grazed on the NWFP. In the second winter when any remaining cattle (born in 2010) which had not been sold from pasture were housed, a small quantity of rolled barley was fed (1.5 kg/head for 13 days; 3.0 kg/head for 13 days) in addition to silage. Barley (H. vulgare L.) was selected given its high nutritional value for cattle at a lower price compared with other supplements and its neglectable effect on meat quality, at the level of feeding [10] . No additional supplementary feed was offered to the cattle born in 2011 when they were housed for their second winter. A March-lambing flock of Suffolk × Mule (Bluefaced Leicester × Swaledale) ewes, crossed with Texel or Charollais rams (balanced between the three farmlets), provided the 50 ewes and their twin lambs which also grazed each of the farmlets. The lambs were weaned in July each year then moved to other fields on their respective farmlet which had been cut for silage in May. An additional 50 ewes were drafted into each farmlet after weaning and so 100 ewes grazed each farmlet until late December, when they were housed. The cattle and lambs were sold when they were judged to have reached target fat and conformation scores [11, 12] .
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Farmlet Management
Livestock
Pasture Management and Measurements
Herbicide was sprayed in some fields to control broad-leaved dock (Rumex obtusifolius L.) and curly dock (Rumex crispus L.) in both years. Higher Wyke Moor and Golden Rove ( Figure 1 At the end of the baseline period, the platform was surveyed in July and August 2013 for plant species abundance using the Domin scale [13] on a 50 m sampling grid with 197 points in total to assess botanical composition. Regarding pasture productivity, calculations were made using the measured silage yield from each farmlet plus estimates of the grazing offtake by the cattle and sheep using intake as a % of liveweight depending on the physiological stage in the production cycle. The ewes were not weighed in the experiment reported here so a standard weight change [14] of a medium sized lowland ewe (75 kg after lambing) was applied to the number of ewes present each day on the farmlets. The intake (g/kg live weight) was calculated from measurements made on similar lowland ewes by Orr et al. [15] and Parsons et al. [16] and the grazing offtake by the ewes in lactation and after weaning was determined. The herbage intake by lambs before and after weaning was estimated using data from Penning and Gibb [17] . The lambs were not weighed at birth or before weaning and so a mean twin birth weight of 4.9 kg/lamb was used based on subsequent data collected at lambing on the NWFP in 2015 (https://nwfp.rothamsted.ac.uk/). Weights were interpolated from birth to weaning and then the lambs were weighed from weaning until sale. It was assumed that lambs began to consume herbage in their fifth week after birth [17] . The grazing intake by the cattle was estimated from their live weight.
Grazing Management
The cattle and sheep were continuously stocked [18] and management plans identified which fields were to be grazed by cattle, grazed by sheep or set aside for silage if not required for grazing to provide winter feed when the livestock were housed. Silage yields were assessed using a Haldrup (www.haldrup.de) plot harvester to sample strips (approximately 10 m long; measured accurately) which were subsampled for dry matter (DM) percentage before whole fields were cut and the herbage was removed. The herbage yield in each field was calculated from the yield determined using the Haldrup harvester multiplied by the estimated cut area which was calculated using ArcGIS from surveys of uncut field margins. In each year, the silage made in May from each farmlet was combined in the same clamp and the silage made in August was also combined for the farmlets and put into a different clamp.
Inorganic and Organic Fertilisers Inputs
Up to five applications of 40 kg N/ha were planned to be made to the grazed swards at monthly intervals beginning in March each year, depending on ground conditions. In areas, due to be conserved, compound fertiliser containing nitrogen (N) (NH 4 NO 3 ; 1:1), phosphorus (P; P 2 O 5 ) and potassium (K; K 2 O) was applied in March followed by additional straight N applications which were made in April. In 2012 only, the compound fertiliser also supplied sulphur (S; SO 3 , see below). Fields set aside to be cut were rolled in March or April each year. As the cattle and sheep were housed and bedded in winter on purchased barley straw, the farm yard manure (FYM) produced during the housing period was applied at a target rate of 14.7 t/ha to fields due to be grazed after cuts had been taken for silage. FYM was applied to fields following cutting in May each year, except where it was planned to take another cut in the same field later in the season (e.g., Pecketsford, Burrows and Middle Wyke Moor in 2011). These fields then received FYM following cutting in August 2011. In total, between June 2011 and August 2012, farmlets A, B and C received 323.4, 367.5 and 318.5 t of FYM, respectively. Inorganic fertilisers were not spread within 2 m of water courses because the NWFP is in a UK Nitrate Vulnerable Zone (www.gov.uk/nitrate-vulnerable-zones), hence the areas where fertiliser was applied were smaller than the fenced areas (Table 1) . For farmlets A, B and C, respectively, the mean rate of application was 204, 207 and 205 in 2011 and 111, 110 and 108 kg N/fenced ha in 2012. Fewer total applications were made in 2012, partly because of high levels of pasture growth in the sheep swards in March and April when applications were omitted. Also, this was followed by exceptional and extreme rainfall events in June and July 2012 which resulted in the cattle being housed for 19 days and, once again, applications were omitted whilst a vegetative pasture structure was re-established. The compound fertilisers used on the fields due to be cut contained S as an additional constituent only in 2012 (Table 1 ) and the overall weighted mean application rate across the farmlets was 15 kg SO 3 /fenced ha. In 2011 and 2012, respectively, the overall mean application rates of inorganic P and K ( Table 1) were 23 and 17 kg P 2 O 5 /fenced ha and 76 and 54 kg K 2 O/fenced ha across the farmlets. Target soil indices were P index 2 (16-25 mg/kg) and K index 2 − (121-180 mg/kg) and muriate of potash was applied to those individual fields which were below target.
Statisitcal Approach
Results are presented with summary statistics, average ± standard deviation (SD), since the main objective is to describe and establish a realistic benchmark for lowland permanent pasture-based sheep and beef systems. To account for the potential variability between years, analysis of variance was performed to compare mean results per farmlet between 2011 and 2012, considering the farmlet as a block (replicate). The units of measurement were either the individual animals (lambs and growing cattle) or the individual fields, depending on the variables analysed (animal performance or pasture productivity). The experimental unit was the farmlet (replicate). The statistical model used was the following:
where Y ij is any observation for which i is the year and j is the block (farmlet), µ is the overall mean, A i is the effect for being in year i and B j is the effect for being farmlet j. Significance level was established at p < 0.05 and tendency at p < 0.10. The Genstat ® (©VSN International Ltd., Hemel Hempstead, UK) statistical system was used for the analysis.
Results

Pasture
On average these permanent pastures contained covers of 64 % Lolium perenne L., 38 % Agrostis stolonifera L., 2 % Holcus lanatus L. and 1 % Alopecurus geniculatus L. as the main constituents (Table 2 ). 
Overall the silage yield plus grazing offtake was greater (p = 0.028) in 2011 than in 2012 (9.9 ± 0.54 t v. 7.1 ± 0.35 t DM/ha) ( Figure 3 ). This was mainly due to the greater (p = 0.012) silage production in 2011 compared with 2012 (5.5 ± 0.32 v. 2.2 ± 0.41 t DM/ha). On the other hand, sheep offtake (ewes plus lambs) was greater in 2012 compared with 2011 (2.1 ± 0.18 v. 2.7 ± 0.11 t DM/ha). However, cattle offtake did not differ between years (averaged 2.2 ± 0.17 t DM/ha). Overall, the grazing offtake tended (p = 0.058) to be higher in 2012 than 2011 (4.9 ± 0.26 v. 4.4 ± 0.32 t DM/ha). The decision for the increase from 25 to 27 cattle per farmlet from 2011 to 2012, plus 5 younger autumn-born cattle per farmlet in 2012 was influenced by the fact that the grazing offtake comprised less than half (44%) of the total output in 2011, whilst in 2012 increased to 69%. Overall the silage yield plus grazing offtake was greater (p = 0.028) in 2011 than in 2012 (9.9 ± 0.54 t v. 7.1 ± 0.35 t DM/ha) ( Figure 3 ). This was mainly due to the greater (p = 0.012) silage production in 2011 compared with 2012 (5.5 ± 0.32 v. 2.2 ± 0.41 t DM/ha). On the other hand, sheep offtake (ewes plus lambs) was greater in 2012 compared with 2011 (2.1 ± 0.18 v. 2.7 ± 0.11 t DM/ha). However, cattle offtake did not differ between years (averaged 2.2 ± 0.17 t DM/ha). Overall, the grazing offtake tended (p = 0.058) to be higher in 2012 than 2011 (4.9 ± 0.26 v. 4.4 ± 0.32 t DM/ha). The decision for the increase from 25 to 27 cattle per farmlet from 2011 to 2012, plus 5 younger autumn-born cattle per farmlet in 2012 was influenced by the fact that the grazing offtake comprised less than half (44%) of the total output in 2011, whilst in 2012 increased to 69%. 
Yield of Herbage Cut and Analyses of Silage Made
Yields of herbage cuts for farmlets A, B and C are presented in Table 3 . The overall weighted mean yield within each farmlet in May 2011 was 7154, 6021 and 6168 kg DM/ha; in August 2011 was 4871, 4864 and 5594 kg DM/ha; in May 2012 was 4031, 3843 and 3279 kg DM/ha; in August 2012 was 0, 3806 and 5197 kg DM/ha, respectively. The silage analyses (Table 4 ) indicated that, apart from the silage made in August 2012, the digestibility (DOMD) was above 700 g digestible organic matter (DOM) per kg DM and estimated metabolizable energy (ME) was above 11.0 MJ/kg DM. The low digestibility silage made in August 2012 had higher crude protein concentration than was measured in the other silages. The silage made in 2011 had higher DM % than those made in the following year, but all silages were well preserved with low pH (<4.1). Ammonia N was lower in the first cut silages made in May (mean 60 g/kg total N) than those made in August (mean 110 g/kg total N). Analysis of the concentrations of fermentation acids made in May in both years and in August 2012 indicated that a predominantly lactic acid fermentation had been achieved. 
Cattle Performance
The spring-born calves were born on average (±SD) on 25 March 2010 (±64 d) and 25 February 2011 (±93 d) (Table 5 ) for the two baseline years, respectively. They were (mean ± SD) one month older (180 ± 33.5 v. 211 ± 22.6 days old) and weighed 18 kg more (300 ± 45.5 v. 318 ± 42.3 kg) when they were weaned and housed in October 2010 and 2011, respectively. The cattle were turned out to graze on 13 April 2011 (25 per farmlet) and 13 April 2012 (27 per farmlet) when they weighed 386 ± 59.7 and 395 ± 47.9 kg, respectively, with no difference between years (p = 0.077). At the end of each grazing season, after some had been sold whilst they were at pasture (45 in 2011 and 21 in 2012), those remaining on each farmlet were housed on 3 November 2011 (30 animals in total) and, in the second year (60 animals in total), on 28 September 2012 (Farmlet A) or 3 October 2012 (Farmlets B and C). For the two baseline years, when the cattle were sold they were 599 ± 80.6 and 629 ± 79.9 days old, with no difference between years, although a tendency was observed (p = 0.061). They weighed 594 ± 25.0 and 590 ± 57.3 kg before sale, with no difference between years (p = 0.517) and had net carcase weights of 305 ± 29.7 and 300 ± 30.9 kg, with no difference between years (p = 0.410). The killing out percentages were 51.3 ± 1.63% and 51.0 ± 1.59%, with no difference between years (p = 0.371), for 2011 and 2012, respectively. In the second year, the additional five cattle per farmlet were turned out to graze on 27 March 2012 ( Table 6 ). These were born on average on 1 August 2011 (±29 d), weighed 237 ± 27.3 kg at turnout, 372 ± 36.4 kg at housing in 2012 and 456 ± 50.8 kg at the end of the baseline period when they remained on their respective farmlets and joined the next generation of cattle in the production cycle to graze in 2013. Overall the calves spent 170 days indoors in their first winter; 177 days at pasture and then those cattle which required to be housed again for a second winter in the finishing period spent a further 69 days before being sold. For 2011, cattle growth rate in the first winter (0.53 ± 0.012 v. 0.44 ± 0.012 kg/day; p = 0.012) and at pasture (1.02 ± 0.022 v. 0.89 ± 0.022 kg/day; p = 0.019) were greater than in 2012. However, the growth rate of cattle housed for a second winter did not differ between years (p = 0.249) and averaged 0.91 ± 0.160 kg/day ( Table 7 ). In 2012 the cattle were housed for 19 days between 26 April and 13 May because of high levels of rainfall when the ground became saturated; approximately double (108 mm) the previous 10-year average April rainfall (53 mm) was measured in 2012. 
Sheep Performance
For the two baseline years, respectively, the mean lamb birth dates were 29 March 2011 (±6.5 d) and 30 March 2012 (±5.7 d). At weaning the lambs were 97 (±6.5 d) and 93 (±5.7 d) days old (Table 8) .
Weaning weights were greater (p = 0.004) in 2011 compared with 2012 (35.2 ± 5.23 vs. 29.7 ± 4.81 kg). Of the original total of 300 lambs for each year they were either sold finished (93 and 89%) or sold as store lambs (6 and 9%) with the remainder lost due to mortality (1 and 2%). The average daily weight gain from weaning to sale was 191 ± 65.0 and 136 ± 53.6 g/day for lambs weaned in 2011 and 2012, respectively, with no difference between years (p = 0.124). For the finished lambs, age at slaughter was greater (p = 0.025) in 2012 compared with 2011 (203 ± 10.6 v. 148 ± 10.6 d old) but with similar (p = 0.819) final live weights (44.9 ± 2.32 and 44.7 ± 2.99 kg). Net carcase weights (19.9 ± 1.10 and 18.3 ± 1.66 kg) were similar (p = 0.138) whilst the killing out percentages were greater (p = 0.028) in 2011 compared with 2012 (44.2 ± 3.65% v. 40.9 ± 2.47%). 
Discussion
Farm Yard Manure
The levels of farmyard manure applied were based on estimates of the quantities produced in 2011 and 2012 by the cattle and sheep. According to the Agriculture and Horticulture Development Board's Nutrient Management Guide [19] the average amount of FYM applied per ha (14.7 ton) would have provided approximately: 88 kg of total N and 9, 28, 106, 35 and 26 kg of pasture available N, P, K, S and magnesium (Mg), respectively. This represents a significant saving in the annual amount of inorganic fertilizer applied to the farmlets since the amount of nutrients returned via FYM represented up to 80% of the inorganic N applied per ha, while for P, K and S surpass 100% of inorganic applications per year, even incorporating a relevant amount of Mg and other micro-nutrients not measured here. These nutrients returned via organic fertilizer also has the potential of enhancing soil quality by improving soil organic carbon content, microbial biomass and soil CO 2 -C flux and is a crucial component of sustainable livestock production systems [20] .
Pasture Species Composition and Productivity
Rodwell [13] classifies these permanent pastures, containing A. stolonifera L., as a sub-community of MG6 Lolium perenne L.-Cynosurus cristatus L. grassland. Davies [21] classified first grade pastures as those containing more than 30% L. perenne L. and these pastures were found to contain covers of 64%. Therefore, it might be expected that high levels of pasture growth and animal performance could be achieved depending on the season and weather conditions.
Rutter et al. [22] measured intake values of 22.5 g DM/kg live weight for yearling cattle at pasture weighing 308 kg when growing at 0.97 kg/day and this value was applied to cattle live weights carried over the season to estimate grazing offtake. This value is similar to other reported intake values of 22.9 g DM/kg live weight for growing cattle of 300 to 400 kg live weight fed coarse diets with a metabolizability of dietary energy of 0.7 [23] .
The greater pasture productivity observed in 2011 compared to 2012 reflected the 25% higher total annual rainfall measured in 2012 compared with 2011, the lower levels of solar radiation measured-particularly in April 2012 (15.9 and 11.9 MJ m −2 /day) and June 2012 (18.3 and 14.4 MJ m −2 /day) and the lower levels of inorganic N fertiliser used in 2012 (205 and 110 kg N/ha) because of the adverse weather conditions. The total (grazing plus silage) yield in 2011 was low compared to figures reported by Orr et al. [24] for intermediate heading sown swards of perennial ryegrass when either cut eight times per season (mean 12.1 t DM/ha) or continuously stocked with sheep (11.7 t DM/ha). This perhaps illustrates the potential of reseeded swards to have higher yield compared with permanent pasture and will be tested in future years at the NWFP.
Silage Analyses
In each year, the analyses of the silage indicated that well preserved silages were made which had predominantly lactic acid fermentation. In a programme using multiple regression analyses to derive equations to predict silage intake from silage and animal factors in mid-pregnancy [25] , late pregnancy [26, 27] and in early lactation [28] the main significant silage factors were digestibility in vitro, crude protein and dry matter %, all of which had positive effects. Silage analytical data (http://www.sciantec.uk.com/) reports provide standard ranges below which are deemed low and above which are deemed high values. Comparing with analyses for the 2011 and 2012 NWFP silages, the digestibility and metabolizable energy were either at the top of or exceeded the standard range. Those aspects which desirably are low (ammonia N, acetic and butyric acid) were below the standard range-apart from ammonia N in August 2012. The ability to finish animals from forage to negate the use of human edible feed, fed as concentrates, will be driven on the quality of grazing and home-grown silage with DOMD > 700 g DOM/kg; ME > 11 MJ/kg and crude protein between 120 and 160 g/kg [29] .
Cattle Performance
In both years in the first winter after weaning the calves were supplemented on average with 0.27 kg concentrates/day (when expressed over the whole housed period) and they grew at 0.50 kg/day. Wright et al. [30] fed weaned suckled calves with silage supplemented with 1.2, 2.1 or 2.9 kg barley/head/day. Daily liveweight gains were 0.31, 0.58 and 0.79 kg/day. Furthermore, McGee et al. [31] reported a growth rate of 0.57 kg/d for spring-born weaned beef calves during first winter housing and supplemented with 0.50 kg of concentrate. From this data, it is suggested that a benchmark target growth rate for the weaned calves in subsequent years on the NWFP should be around 0.5 kg/day with an aim to achieve 0.6-0.7 kg/day with improved forage characteristics (digestibility and crude protein) with strategic supplementation applied if targets are not met (i.e., poor silage nutritional value).
No additional concentrate supplementation was fed to the yearling cattle after they were turned out to graze in mid-April each year. Tyson et al. [32] reported growth rates for yearling beef cattle grazing at the North Wyke site between 1983 and 1987 which averaged 0.8 kg/day. In subsequent grazing seasons, rotationally stocked yearling dairy heifers grew at 0.84 kg/day [33] ; whereas, yearling beef x dairy heifers grew at 1.0 kg/day [34] . Also, Boland et al. [35] found that Limousine heifers (12-18 mo) grazing a permanent pasture in Ireland grew at a rate of 0.73-0.88 kg/d depending on herbage allowance, whilst Black et al. [36] reported 0.99 kg/d from steers grazing on grass pasture. Similar results were reported by Regan et al. [37] who observed liveweight gains between 0.80 and 0.87 for late and early maturing bulls, respectively, grazing pastures dominated by L. perenne and by McGee at al. [31] who reported a growth rate of 0.90 kg/d for spring-born weaned beef calves since turnout to slaughter in Ireland. Therefore, it is suggested that a target benchmark growth rate for summer grazing should be 0.9 kg/day and this was slightly exceeded in this study (mean 0.96 kg/day). Future targets based on improved pasture must look to achieve 1.0-1.2 kg/day [3] .
In 2011 and 2012, respectively, 40% and 74% of the spring-born cattle were housed for a second winter. The higher % in 2012 was due in part to the cattle requiring to be housed in late September/early October as opposed to early November in 2011. In a previous beef demonstration system based on beef x dairy heifers run at North Wyke [38] , the target growth rate in the second winter finishing period based on silage and low levels of supplementation was 0.8 kg/day and this value is suggested for the experiments reported here. This target was achieved in 2011 (0.81 kg/day) and exceeded in 2012 (1.04 kg/day), similar to the values reported by Regan et al. [37] who recorded growth rates between 1.08 and 1.13 kg/d for late and early maturing bulls, respectively, supplemented fed with silage and supplemented with 3.5 kg of concentrate. The greater growth rate achieved in the second winter 2012 could have been due to a degree of compensatory growth since the groups of animals that had the lowest growth rates in the first winter (0.39 and 0.46 kg/day, farmlets B and C, respectively) grew the greatest in their second winter (1.12 and 1.06 kg/day). As indicated previously, only in 2011 was some additional rolled barley fed to the remaining housed finishing cattle and when expressed per 25 cattle on each farmlet this amounted to 59.4 kg/head in total in this second winter. This indicates that we can benchmark performance levels in a second housing period of 0.8-1.0 kg/d. However, the aim should always be to finish animals at pasture to avoid a second winter housing, highlighting the importance of targeting the growth rates at pasture towards 1.0-1.2 kg/d, which will be a major focus in the coming years on the NWFP when assessing the new pasture treatments [3] .
Sheep Performance
The poor weather (high rainfall and low levels of sunshine) in 2012 compared with 2011 had a much greater impact on the sheep performance than was seen for the cattle. It affected mainly the pre-weaning daily liveweight gain (DLWG) since the weaning LW were 16% lower in 2011 compared with 2012. This might be explained by the markedly lower solar radiation in April and June 2012 which is expected to have decreased pasture growth and energy content at early lactation and at the last month before weaning, with energy intake being the main nutritional factor determining milk yield of the ewe [39] . Particularly in April, the typical early-spring imbalance between crude protein and water-soluble carbohydrates, that is, readily-available energy in the rumen [40] , might have been augmented given the low levels of radiation (lower production of water-soluble carbohydrates).
Overall, the weaning weights at a similar age in 2012 were proportionately 0.84 of those in 2011. Assuming an average birth weight of 4.9 kg, this would imply an average daily liveweight gain of 306 ± 56.5 and 258 ± 60.3 g/day from birth to weaning for 2011 and 2012, respectively. Those growth rates are similar to those obtained for grass-based sheep systems in Ireland. Keady et al. [41] reported growth rates from birth to weaning of 297 g/day for lambs born from ewes grazing until mid-gestation and then housed until lambing. Keady et al. [42] reported a growth rate of 267 g/day for lambs from ewes with an extended grazing period during winter. Slightly lower values were reported by Treacher et al. [43] , who recorded a growth rate between 237 and 252 g/d for twin and single lambs and Fraser at al. [44] who observed a growth rate from birth to weaning of 241 g/d. A benchmark target for lamb growth weights therefore would be around 250-300 g/d for future interventions on the NWFP. The poor lamb performance in 2012 was probably the result of a particularly extreme year and the better weather conditions in 2011 resulted in a level of performance which might more reasonably be expected for permanent pastures as a benchmark.
Implications
We ran cattle and sheep production systems based on permanent pastures on the NWFP. The livestock were reared and finished using minimal inputs of supplementary concentrates to establish realistic target growth rates on forage-based systems. Setting such targets is vital to redefine the potential of ruminants to produce high quality food without competing with human-edible feed. It is suggested that target liveweight gains should be 0.5 kg/day in the first winter; 0.9 kg/day for summer grazing and 0.8 kg/day for cattle housed and finished on silage in a second winter. Lambs' growth rates of 250-300 g/d from birth to weaning and of 150-200 g/d from weaning to finishing could be set as a benchmark.
Even though finishing lambs at pasture is the conventional production system for lowland grasslands, some alternative feeding options may be included to finish lambs indoor or for specialist early lambing flocks which aim to market lambs in spring when prices are traditionally high, for example silage, concentrate, total mixed rations or by products [45] , reaching growth rates above 300 g/d [46, 47] . However, whether this alternative is economically convenient will depend upon the feed conversion efficiency and the prices of feed and meat. Although this strategy may have a positive impact on farm profit, it will be considered less 'natural' by the consumer and will reduce the animal's ability to express natural behaviour, which is deemed a positive metric of animal welfare [48] . It is also counter to the beneficial role of ruminants in countering the food versus feed debate, where ruminant livestock should not compete with human edible food [3] . Furthermore, meat from forage-fed lambs has high concentrations of n-3 polyunsaturated fatty acids (PUFA) including 18:3 (a-linolenic acid) and 20:5 (eicosapentaenoic acid) and higher flavour scores compared with concentrate-fed lambs [49] . Subsequently, other variables than animal performance should be considered when selecting the finishing strategy for lambs. In many countries grain-feeding is necessary because of climatic limitations on the quality and quantity of pasture available [50] . Finishing cattle on concentrate-based diets may have a relevant impact on growth rate, increasing the DLWG between 18-60% on average compared with forage base diets which means that cattle can reach greater carcass weights and level of fat cover at a younger age [50] . Increasing animal performance can have a positive effect on environmental impact by reducing emissions intensity, that is, kg CO 2 e/kg beef carcass. However, findings are not consistent in this effect which would depend on different factors, for example, region, breed type, feeding strategy, level of management and technical efficiency [51] .
Despite the suckler beef herd providing the main supply of prime beef in the UK, slightly more total beef comes from the dairy herd [52] . This has clear implications on the environmental impact of beef supply since dairy-based beef production showed largest potential to mitigate environmental impacts of beef, as emissions can be offset via milk production [53] . On the other hand, the proportion of potentially human-edible feed in the total feed input and the ratio of animal protein output to human-edible protein input is slightly lower in lowland suckler beef compared with dairy beef systems, although the land required per tonne of animal protein output has the opposite trend [3] . Moreover, there are also differences in meat quality when comparing a standard concentrate diet or a forage-base diet for either dairy or beef breeds; the grass silage diet produces higher plasma and muscle levels of vitamin E, lower lipid oxidation in loin steaks measured and better colour stability (saturation) [54] .
Conclusions
It is concluded that good levels of livestock production are possible on permanent pastures with continuously stocked yearling beef cattle and ewes and their twin lambs on forage-based systems using little or no additional supplementary concentrate feeds. However, the variation in weather conditions across years can play a significant effect on grazing system performance. The NWFP will further investigate alternatives to permanent pasture to optimise production of forage-based ruminant production systems at the same time as assessing sustainability associated with environmental, economic and social need [55] .
